Abstract
Introduction
The management of risk in agriculture and the role of insurance long have been the centre of attention for researchers and policymakers. A review of the literature on the subject consistently shows the failure of private markets for comprehensive (multiperil) agricultural insurances and their unsustainability in the absence of any public intervention. Even with strong public support, insurance demand is not often as high as could be expected.
Reasons for such failures are usually found in either supply or demand conditions. On the supply side, the most explored issues are asymmetric and incomplete information (Chambers 1989; Miranda 1991; Mahul 1999; Just, Calvin and Quiggin 1999; Bourgeon and Chambers, 2003) , with the resulting problems of adverse selection, moral hazard and systemic risk. This may pose the most serious obstacle to the emergence of an independent private comprehensive crop insurance industry. Especially due to the systemic character of yield risks, reinsurance becomes very expensive. Without government subsidies or public reinsurance, insurers pass this high cost to the farmers' premiums (Doherty and Dionne 1993; Miranda and Glauber 1997; Mahul 2001) .
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On the demand side, the inability of farmers to assess precisely the benefits derived from agricultural insurances is often cited as one possible reason for limited demand (Garrido and Zilberman 2008) . Another explanation for the limited interest in multiperil crop insurance is simply that the organizational structure of farming is such that farmers can use other private instruments -such as product diversification, credit, financial markets, and so on -to manage risk and therefore that the potential demand for crop insurance is lower than commonly believed (Wright and Hewitt 1994) . We can also consider that massive government intervention in developed countries may also crowd out private markets.
Knowledge of factors affecting farmer purchases of crop insurance is essential for evaluating the soundness and profitability of insurance programs and the pertaining public support (Goodwin and Smith 1995) . In spite of its importance, the demand for crop insurance has received little empirical attention in literature, mainly devoted for investigation focused on North American area. Gardner and Kramer (1986) ; Niewoudt et al. (1985) ; and Barnett et al. (1990) found that the expected rate of return to insurance was an important factor in determining the demand for insurance. Lower attention has been devoted to the possible impact of financial issue on this field (Enjolras and Sentis 2011) .
Currently, for the European countries this lack of empirical evidence is exacerbated (Capitanio and Adinolfi, 2009) . With this preliminary remarks, carrying out this analysis we wish to point out which factors could affect crop insurance decision in France and Italy, taking into account both agricultural and financial variables (De Castro et al, 2011) The first part of this paper is devoted to a presentation of the French and Italian insurance systems. Then, the second part exposes the empirical modeling framework we use for the analysis. The choices of the variables and of the models are motivated in the third part. The fourth part details the results. The fifth part finally discusses the implications of the results on the creation of an insurance market at the European scale.
The agricultural insurance systems in France and in Italy
The French and Italian insurance systems in agriculture have been developed over the 40 previous years under the supervision of the governments and within the framework of the European Common Agricultural Policy (CAP). They have known similar developments over the last years due to reforms in the governments help motivated by various opportunities. First, an agricultural agreement by the World Trade Organization made it possible to classify public sector aid for insurance (noncommodity specific amber box) under de minimis conditions (Blandford and Josling 2007) . Second, the development of aid for insurance in North America (United States, Canada) and Southern Europe (Spain, Italy, Greece) provided a certain amount of experience (European Commission 2006) . Third, there was a global trend for the liberalization of agricultural policies, which was likely to increase volatility in agricultural prices and therefore the exposure of farmers to natural hazards (Trebilcok and Howse 2005) . Therefore, this section exposes the French and Italian context in order to offer ways of interpretations to our main results.
Evolution of the French crop insurance system
Until 1964, there was no state-sponsored insurance program in France. After a series of droughts, a public indemnity mechanism called the National Guarantee Fund for farming calamities (FNGCA) was set up. It was financed jointly by the government budget and by taxes on the compulsory standard insurance policies taken out by farmers. It covered farming calamities, which were defined as "non insurable damage of exceptional extent due to abnormally intense variations in a natural hazard." The farms could receive an indemnity if their losses were over two thresholds: 30% of total harvest representing at least 13% of total farm production (Mortemousque 2007) . For the period 2001-2008, the FNGCA redistributed about 200 million euros each year to 55,000 farms (Table 1) . Drought and frost represented 50% of the damages and 80% of the costs. The mean indemnity reaches almost 4,000 € for each affected farm but there exist wide differences among the regions and the products: the southern areas suffered from major floods while arboriculture and wineyards are very sensitive to frost 4 . Mortemousque (2007) To develop private insurance and to extend its coverage to a wider range of risks, the French Ministry of Agriculture decided to expand the range of its subsidization from hail to other catastrophic risks. The new policies have been widely developed starting from 2004 when the French government started to subsidy all insurance policies at a level of 35% of the premium (40% for young farmers). In practice, the insurers extended the range of covered perils and they kept the premia at the same level thanks to the subsidization. The farmers now benefit from a better flexibility in risk management as they can choose their coverage and deductible level. The government can also control its intervention by financing the policies ex-ante rather than paying the indemnities ex-post.
The Italian crop insurance system
Public intervention in agricultural risk management in Italy has a long tradition. The "Fondo di Solidarietà Nazionale in Agricoltura" (FSN) was instituted in 1974 with the aim of providing farmers the means to effectively manage their production risk. The system has evolved over the years with numerous reforms until recently, when Italy has received the European Community guidelines for state aid in the agricultural sector concerning compensation for damages and insurance premium subsidy, with the issue in 2004 of the Legislative Decree n° 102 on the 29th of March. The Decree defines new operational rules for the FSN and disciplines on financial tools for risk management and capitalisation incentives in favour of agricultural firms.
The Italian FSN is composed of two different supply services: financing of insurance policy and ex-post payments, although this general principle is subject to many exceptions that will be described in the following paragraphs. The Law instituting the FSN states that, in case an exceptional event occurs, farmers are entitled to a compensation for the damages suffered. The discipline of the compensation aid has not changed much over time. In order to activate the compensation, the status of exceptional event needs to be officially recognized by the Central Government. To this aim, when an adverse event occurs (most commonly drought, flood and late frost) the involved regional Governments file a request to the Ministry of Agriculture which, after assessment of the actual extent of damages, issues the decree which entitled farmers to ask for compensation.
Compensations are then paid based on various criteria that are determined by the Ministry of Agriculture, mostly depending on the availability of funds, rather than on the actual extent of damages. As a matter of fact, over the years there has been a rather weak correlation between actual losses and compensations paid. Moreover compensations are usually paid several years after the occurrence of the damaging events. These drawbacks, coupled with the unpredictability of the budget cost due to expost compensation (Table 2) , have led to several attempts at shifting the bulk of the interventions of the FSN toward subsidy to crop insurance. 
Empirical modeling framework
The most widely used theoretical model of analysis of uncertainty on the economic behaviour is the so called expected utility framework. It is based on the definition of the individual agent's structure of preferences over lotteries, (L) . In this view, the 'damage' caused by the presence of uncertainty could be, in principle, measured by the risk premium, RP(X,p), which is defined as the difference between the expected outcome of the lottery, E(X,p) and its certainty equivalent, C(X,p).
Notice that the risk premium is a function of the entire distribution of outcomes and it depends on the full structure of preferences. While it is possible, in principle, to measure it for a given individual facing a given risky prospect of which the probability distribution is known, and assuming a given structure of preferences, it is virtually impossible to estimate it in a theoretically consistent credible way from observed choices: there will simply never be enough data to be able to identify both the preference structure and the probability distribution.
The expected utility framework has been used also to provide a formal characterization of risk aversion based on the notion of risk premium. Essentially, an economic agent is said to be risk averse if her or his preferences over risky prospects express strictly positive risk premiums. The structure of the individual's preferences will naturally determine also the 'degree' of aversion towards a given risk prospect, degree which would, in principle, imply a strongly idiosyncratic component.
To measure the degree of risk aversion, the coefficient of (local) absolute risk aversion, rA, is defined as the negative ratio between the second and the first derivative of the VNM utility function:
and the coefficient of (local) relative risk aversion as:
(2) r R = X r A (Pratt, 1964) .
The advantage of using relative instead of absolute risk aversion stands in the fact that the former does not depend on the units of measure of X, and therefore could allow, for example, for comparison between measures obtained for monetary outcomes measured in different currencies.
Notice that both coefficients are local measures, that is, they are evaluated at a point in the range of outcome values, and they are functions, which means that their value is possibly different for different levels of X, even for the same individual. In practice, to know the coefficient of absolute risk aversion function is equivalent to know the entire preference structure over lotteries as postulated by the Von Neumann -Morgenstern theorem. This, which may seem an advantage of the expected utility framework, is in truth a dangerous aspect in applied analyses if we duly consider the meaning of the converse of the reasoning just made: to select a specific form for the coefficient of risk aversion (as for example to select a constant relative risk aversion, as is common in the literature) amounts at imposing a heavy structure on the preferences over the entire range of values of X.
In other words, for example, to maintain that an individual has a constant coefficient of relative risk aversion means to assume that her or his preferences have a precise structure over all possible values of X, which implies, among other things, the fact of being always risk averse, or always risk loving, no matter what the 'riskiness' of the prospect one is facing. This is an observation that has generated strong criticisms to the validity of many expected utility analyses: they are based on the fact that even casual introspection would demonstrate that the propensity toward risk usually depends on the amount at stake 5 . In most cases, an economic analysis of a risky situation is performed as follows: A certain functional form is chosen for the VNM utility function, usually taken from a class of functions that would allow for a simple characterization of the coefficients of risk aversion, one or two parameters defining the degree of risk aversion are assumed, justified on the basis of the limited number of studies that have claimed to have empirically assessed them; then, the risky prospect that needs to be assessed is described by only a limited number of parameters (usually just the mean and the variance) and the analysis is performed by calculating the value of the risk premium associated to the particular prospect, taking it as an indication of the welfare cost of the risk.
The relevance of the points raised before may be discussed when we critically review the procedures that are usually followed by analysts engaged in risk assessments. Therefore, we can identify the three following mistakes:
• Incorrect specification of the distribution of outcomes,
• Incorrect choice of the utility function, and • Incorrect choice of the argument of the utility function. It should be clear that the figure that comes out of such a kind of analysis, if any, is mainly the result of the assumptions maintained by the analyst rather than a credible indicator of the social cost imposed by the presence of risk. Unfortunately, the assumptions are almost invariably kept in the background and therefore an assessment of the real value of the analyses is made difficult. In the following sections, we will list some of the most common mistakes that could be made in conducing risk analysis and might have an effect on risk coverage. This insight might also be useful for a critical review of the discussions on the role of risk in the conditions of the reformed European agriculture.
Empirical settings

The data
The study used a survey of farmers in France and Italy belonging to the Farm Accountancy Data Network (FADN). Since the data owned by the insurer are not freely accessible even if policies are subsidized by the government, at this stage, this dataset represents the only viable opportunity offered to researchers to investigate on crop insurance policies. In each country, data are accounted for each year from a representative sample of farms, the size of which can be considered commercial.
Within the original databases, we selected only farms that had continuously belonged to the sample between 2002 and 2007. We also restricted analysis to farms that cultivated at least one crop. The same criteria apply for the two countries. Our sample finally included 9,306 farms among which 2.998 are French and 6.308 are Italian. Among these farms, 1602 are insured (1136 in France and 466 in Italy).
The variables
In the following subsections, we detail the main explanatory variables that enter into the analysis. In line with the literature, we chose a wide range of potential factors, including financial and meteorological variables.
Measurements of the insurance decision
Many approaches can be used to provide a measure of insurance decision, whether discrete or continuous. Their selection depends on the scale that is chosen for the analysis. Focusing at an individual level, a common approach to measuring risk hedging consists in a dummy variable indicating whether the farm took out a private crop insurance policy. This discrete indicator can be found in our databases for the years 2002 to 2007, which define the scope of our analysis in time.
For the same period, the database also provides a continuous measurement of hedging, i.e., the price of the premiums and claims. This allows to compute returns to insurance for the producers who decided to insure. Starting from the characteristics of insurance products in France and Italy and the financial situation of each farm, we also estimate the liability of the farmers. This offers a way to measure the level of insurance through a continuous variable. In order to avoid endogeneity issues, e.g. with acreage decisions (Goodwin, 1993) , the continuous variables are lagged.
Agricultural decisions in their context
As stated in section 2, insurance decision is motivated by the farmer's aversion towards risk. Therefore, only the most high-risk farms should take out insurance. The risk level of farms can be evaluated in several ways in terms of weather exposure and geographic situation. The FADN database offers direct ways of determining the location and altitude of the farm. We can then associate each place with past weather indicators that are considered relevant by the literature. Weather data come from Météo France and Meteo Italia.
We notably refer to annual mean temperature and annual cumulated precipitation, which are the most common climatic indicators. Starting from the original variables, we converted them by taking the square deviation from their average the year before taking out insurance. This allows to measure the farmers' sensitivity to excessive variations of the climate. The farmer can undergo the climate but he can also take strategic decisions such as organic farming. In this case, yield volatility is increased and insurance is only provided if the farmer complies with some regulations (Hanson et al., 2004) .
Economic and financial characteristics of the farm
The farmer's behavior regarding its decision to insure is also motivated by the intrinsic characteristics of its activities and by its own performance. One of the first criterions that can define the farm is its size. It can be calculated with four proxies: total and cultivated area, annual turnover and invested capital. Such variables offer the opportunity to measure both the exposition of the farm to risk and its ability to face it.
That is the reason why we add additional criteria regarding the diversification of the farm, which can either constitute a substitute or a complement to insurance. We measure it through the farm's crop portfolio (i.e. the number of cultivated crops) and its technical economic-activity specialization (vegetables, cattle, or both). Irrigation is also perceived as a mean of hedging crop risk because it increases yield return and reduces crop diseases (Dalton et al. 2004) .
The result of the farmers' operations can be measured through the yield of the farm, its return on equity and the leverage. A farm which sustains a lot of debts may be willing to insure in order to preserve its activity.
Control variables
We can expect that some other variables will have an influence on the decision to take out insurance, especially individual indicators, such as the age, the sex and the education of the farmer. The status of the farm may also matter depending on whether the farm is operated by one farmer alone (or with members of his family) or if it is operated with external partners.
Standardization of the data
As the size of the farm may have an influence on decision to insure, it appears necessary to control its influence on other variables. Therefore, most variables are standardized by dividing them by the cultivated surface. Moreover, we lagged many variables in order to avoid endogeneity issues (Table 3) . 
The models
Using our set of data, we are able to develop two kinds of models that aim at capturing the determinants of the purchase of crop insurance policies. In the first one adapted from Goodwin (1993) , we measure insurance demand through the liability, which is a continuous variable. Then we only consider the population of insured farmers. In the second one, insurance demand is measured using a dummy variable defining whether a policy is purchased or not (Smith and Baquet 1996; Sherrick et al. 2004 ). We can then study the whole population of farmers.
Elasticities of demand for crop insurance
The first model measures some elasticities of demand for crop insurance at the individual scale. This supposes to estimate a log-log model, so that the coefficients can be interpretated as elasticities, i.e. a percentage change in a dependant variable resulting from a one percent change in the value of an independent variable. Reasoning at the farm scale differs from Goodwin (1993) who worked at the county level and it allows to be more precise for the agricultural and the financial parameters.
The following model assumes the farmer's i objective is to maximize the expected utility of its yield profit. Then, he will purchase insurance following its risk attitude which can be observed through independent variables X it observed during five years. We then assume the demand for crop insurance can be written using a log-log model which takes the following form:
(3) y it = α + X it β + ε it Where y it is the optimal choice for insurance which maximizes the farmer's expected utility, α is the intercept of the model (it has no interpretation in a log-log model), β is the vector of the price-elasticities associated to each variable and ε it is a random error.
The determinants of crop insurance purchase
The former approach can be complemented with logistic regressions which directly measure the impact of our studied variables on crop insurance purchase denoted as a dummy variable Insurancei. The analysis is also performed using a panel data analysis (Coble et al. 1996) but it is more flexible than the former as all formats of variables are accepted. We can then introduce a set of agricultural decisions, economic and financial characteristics of the farm and some control variables. The model takes the following form:
(4) Insurance i = α + X it β + υ it Where Insurance i defines whether the farmer subscribes or not insurance, α is the intercept, β is the vector of the estimated coefficients and υ it is a random error.
Following Velandia et al. (2009) , we also compute the marginal effect of a particular explanatory variable on the probability to subscribe crop insurance.
The results
Comparison of loss ratios and premium charges in France and in Italy
Our study considers the scope of time when the French and Italian insurance regimes move from public to private insurance. One aim of this study is to understand if this change is in favor of the insurer or of the insured. Therefore, this analysis is only performed on the sub-sample of insured farms. The loss ratio is defined as the ratio between claims and premia. The premium charge is the ratio between premia and crop revenue. Table 4 indicates that for the period 2003-2006, the loss ratio moves in favor of the French insured farmers in the long run while the premium charge increases. This result is correlated to the introduction of private crop insurance. It may indicate an adverse selection as the new policies introduced in 2005 could be subscribed without control exante. As a result, farmers at risk may have bought crop insurance contracts. Contrary to France, no trend can be identified for the loss ratio in Italy (Table 5 ). The farmers globally pay more premiums than they receive indemnities. Year 2004 seems to have been in favour of the insured but this case is isolate. A strange result comes from the mean of the premium charge which is negative. This situation comes from the Italian regulation on crop insurance subscription: some farms pay (high) premia while they face negative crop revenue. However, a look at the median of the premium rate, i,e, its distribution, asserts that the distribution of premium rates is similar in France and in Italy. In relative terms, French and Italian farmers seem to face comparable costs for purchasing insurance (same distribution of premium charge) but in mean terms, it seems that French farmers benefit more from insurance (Figure 1) .
Figure 1. Distribution of loss risk for French and Italian farms 4.2 Elasticities of demand for crop insurance in France and in Italy
We estimated a model of demand which takes the log-log form, so that the coefficients can be directly interpretated as elasticities. According to the Hausman's specification test (1978), we first estimated a panel-data model with random effects. Following Goodwin (1993) , the dependent variable in equation (3) is the farm's liability as defined in Table 3 .
Then we estimated a linear regression model with the same variables but only for year 2007 when private insurance was widely developed in France and Italy. In that case, all variables are computed taking into account 4 years before the decision to insure. All the estimated parameters are heteroskedasticity-robust and there are not correlated between each others. The results for France and Italy are given in Tables 6 and 7 . Except for climatic variables, the results of the estimations are quite similar between the two countries. It is in particular the case for the influence of the elasticity of the premium per hectare to the liability, i.e. insurance coverage. Goodwin (1993) noticed for a US study that the effect should be negative because an increase in the premium level should lead to less insurance. However, in European countries, the increase of the premiums has been linked to an increase in the range of the covered risks. In both countries, the coefficient indicates a relative inelasticity which might characterize an adverse selection effect.
Conversely, insurance is positively linked to the size of the farm, whether agricultural (cultivated area) or financial (total assets), which is in line with literature. Performance, measured by the return on capital employed, and distress, measured by leverage, also tends to have a positive effect on insurance decision.
One of the main conclusions made by Goodwin was that "that counties with low loss-risks have considerably more elastic demands for crop insurance than those counties where producers typically collect high indemnities relative to their premium payments". Considering our results, this suggests that increasing premium rates for all producers would increase aggregate loss-risk levels among the pool of participants as cancellations would occur among low loss-risk producers at a significantly higher rate than high loss-risk producers. As a result, it clearly emphasizes the question of an inadequacy in setting crop insurance premiums in France and Italy.
The determinants of crop insurance purchase for French and Italian farms
To complement the former approach, we estimated a model of demand considering whether the farmer is insured or not. This allows to determine the factors that lead farmers to insure in France and Italy. The results are given in Tables 8 and 9 . They show more dispersion between the two European countries. We notice that the parameters estimates and the marginal effects converge for each variable: they exhibit the same significance and the same sign.
In both countries, the fact to have been insured the year before appears to be very important for the current subscription. This means either a fidelity or inertia effect towards crop insurance. The cultivated area is also a common criterion that increases the coverage.
The effect of the financial size, measured by the turnover, is significant in Italy with a similar positive effect but not in France. Most financial variables do not seem to influence insurance decision: leverage, returns, yields are not statistically significant in France and in Italy. The same result concerns the level of education of the farmer.
The climatic indicators have an ambiguous effect: they are not significant in France while they have opposite and ambiguous effects in Italy: excessive temperatures (too hot or too cold) decrease the probability to insure whereas the effect is positive for precipitations. This kind of variables may be more accurate for analyses year by year (Enjolras and Sentis, 2011) .
Among the way farmers traditionally use to hedge, there exist diversification, measured by the number of cultivated crops per hectare, and irrigation. These techniques have a positive effect on insurance in France. In this context, they act as complements to insurance. In Italy, the negative sign associated to cultivated crops indicates that diversification is a substitute to insurance.
Implications for the creation of an insurance market at the European scale
Lacking a common framework, EU Members State (MS) have autonomously adopted national policies for assisting farmers in dealing with agricultural production risks, as well as natural catastrophes, within the broad limits defined by the national State regulations (Cafiero et al, 2007) The types and the extent to which national policies have been adopted, however, differ widely within EU MS, possibly reflecting the agro-climatic conditions and crop specialization. Policy intervention aiding farmers' risk management activities has been carried out mainly in the EU Southern countries, such as France, Greece, Italy and Spain, where subsidies to crop insurance and/or agricultural solidarity funds are in place. In other EU countries, such as United Kingdom, agricultural insurance is not publicly supported although ad hoc assistance is offered when necessary.
Despite the parallel between France and Italy, the practice of insurance is different in the two countries. For instance, French farmers are more diversified than Italian ones. Similarly, our study indicates that French insured farms are more willing to receive premiums than Italian farms. However, many factors that lead to insurance are quite similar between the two states.
Taken by themselves, these results of the comparison present a major interest for the future of the Common Agricultural Policy (De Castro et al, 2012a; De Castro et al, 2012b) . In the perspective of the creation of a European insurance market, the countries characteristics are determinants: they must comply with more or less the same administrative rules. At the same time, the farmers should reveal different behaviors and expositions so that a mutualization of the risks applies (Schlesinger 2000) .
It would be clear that when normal enterprise risks are considered, as entrepreneurs, farmers should develop own risk management abilities by making use of private markets of insurance, credit and financial instruments. In this case, public intervention should act in order to promote, at European level, a private market or to favor the development of private abilities to manage risk, providing the needed regulatory institutions and informational support in order to promote the expression of the private demand for market-based risk management tools, while guaranteeing competition on the supply side .
Moreover, promoting the constitution of precautionary savings account through direct and indirect incentives, such as fiscal benefits in order to increase the potential of self insuring against some of the less severe risks at the individual farm level and promoting the concentration of the demand for risk management instruments in order to have a more efficient access to all of these markets. In this case, supporting the operation of mutual funds is an effective way of fostering development of risk markets.
Conclusion
This study represents one of the first attempts to measure the determinants of crop insurance purchases in two European countries. France and Italy are among the major crop producers between the European countries and they have introduced insurance in agriculture since decades. Nearly at the same time in the mid 2000s, they reformed their system in order to encourage private companies to develop policies.
Thanks to a complete set of data available in the two countries, we have been able to perform a two-stage analysis that is usually split into literature: the measure of relevant elasticities of crop insurance demand and the econometric determination of the factors that lead farmers to cover their yield.
A key point is the extent in the range of covered risks provided by the reforms of public systems: at now, most of catastrophic risks (floods, storms) are included in the policies, which led to a significant increase in the premium levels in Italy while this effect was mitigated in France due to public subsidies. As a result, insurance tent to become more costly and less profitable. Yet, the potential benefits procured by insurance overcame the costs so that an insured farmer remained insured even if insurance was more expensive. This contrasts with usual observations for the United States, especially when measuring the elasticities of insurance demand (Goodwin 1993) .
We also noticed that purely agricultural indicators such as the size of the farm, measured by the cultivated area, and diversification, measured by the number of cultivated crops, are key factors for insurance purchase decision in both countries. However, strategic financial variables such as leverage and returns had no influence in the two countries while these indicators are usually relevant in corporate finance. Other variables such as weather conditions seemed to have no impact on insurance decision. An analysis performed year by year might reveal more precise information.
The study of the similarities and the differences noticed between French and Italian farmers toward crop insurance decision allow understanding the dynamics of a recent and promising market. It also opens many perspectives in terms of risk management and of insurance development considering the forthcoming evolution of the Common Agricultural Policy.
